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Abstract of JP2004026732 

PROBLEM TO BE SOLVED: To obtain 
a highly heat-resistant new compound 
having high noncrystalline and high 
positive hole transport ability, and to 
provide an organic electroluminescent 
device using the compound, drivable 
at low voltages, having high drive 
stability/heat resistance, and showing 
stable luminescent properties. 
SOLUTION: An asymmetric 1 ,4- 
phenylenediamine derivative as the 
new compound is represented by 
formula(l)[ wherein, 
Ar<SP>1 </SP>and Ar<SP>2</SP>are 
each a (substituted) aromatic 
hydrocarbon group or aromatic 
heterocyclic group, totaling >=10 in the 
number of carbon atoms, wherein the 
substituent(s) are one or more groups 
selected from alkyl, alkenyl, alkynyl, 
aralkyl, acyl, alkoxycarbonyl, alkoxy, 
aryloxy, amino, aromatic hydrocarbon 
group and aromatic heterocyclic 
group, and these groups may further 
be substituted ]. 
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±fB5E?L*(liIIJi4U:tt, £ IC , T * -fe ^ * t b X , ^#&=#/l'*'>'&?>£:J*fi#&.U J / 
X 14 ^ & (#P^4-3 2 04 8 4-5§-<k$8) . ^<y / 7 i / yg^ftStff t'O / 7 
^ ./ > K jg ffc (#M¥ 5 - 2 9 5 3 6 1 . 7 7 — > S (4#P!¥5-33 145 

8 $g ) <»«>«^-S*tt{t-a-«jS: s lWffiiE?L<fta&tt*tJ^ro»*K*tL,l 0" 3 ~ 1 Ofi 10 

[ 0 O 4 5 ] 

HLiai4i:*5it6*«B»7i = i/yi?7S vo^tltt, «Ji»;:£*:JxajE7LilJa& 
&ttnv>m.M'P 5 0lt%«±ffe5C i L< , 8 0 Ii%£(±ffc 5 r t ^ i 0 

# S L V>. 

IE?L^^«4COSIi?roJbPgJl. ii^300nm. #*L<f±100nm-C*>?>, T IB tt ffl 
^10nm s »*U<(i3 0nmT*fcSo 1 © £ 9 l:»V^Efl.ili 4 li« * V* Bl — * 

[ O O 4 6 J 20 

B 1 t*ti*(*0*^C*3^t, IE?L^^g4co±lCfi^)tg5/!ls^|-t^tu?.o 

5 (4, « # 4- * £>*tfc*ttlB]K*5^TIB« 7 i>6aA * tifct? i B* 2 ^feftASft 

fc IE 7L £ * <k < SSq- t, ^off^^ti 9Iibig£tb-C$)ipJ: 0 J» j« 

r^j; 5/i^f|=SrlfcL, «**St**It»*t5ft**i UTI1, 8 — fc K o ^ -> 
!) y©7/K=7A^*4^©i*ft^i (#lBg 5 9 - 1 9 4 3 9 3 f&|l) , 1 
O-tKo^i/^vy [h] *;!)yo»#fl:*«l (4$llf!¥ : 6-3 2 2 3 6 2-5§-2:$B) , 
t'^^.^-y/W-O'-^Vil^ft: (WISfl - 2 4 5 0 8 7 f^i, 0 2 - 2 2 2 4 8 4 f& 
#) % If * * f- V >VT V - U >mm# OtSf 2 - 2 4 7 2 7 8 ^- 4* ) , (2-fc K n 

v< 7 ^ = ) 7y-/KOl§f!tcft^fel (fiH¥ 8 - 3 1 5 9 8 3 f^S) s -> n 30 

1 0 0 4 7 ] 

* ;* h *f # i L » rni^LTSJtfef?: K-7"t5r Mi*^T*&5. 0»J *. fi , 8 - fc 
K n dr * y y ^(DTs\s^~fyJ*$£Wtj:k°<D$£tt. it h & k Lt, ^7*1/^1; 

ft*^5t7^y||# (#M^4-3 3 5 0 8 7-S§-<£$B) , -f ^ y K^Rifl: ( 
5 - 70773-§-<^#) > ^yu^^rofls-a-^at^S^H (M¥5-l 9 8 3 
7 7 $g ) t£ f * , *.*YVsPcKft\^X 0. 1 ~ 1 0 li% K~7"t5 : t I: i D > 

[ 0 0 4 8 ] 

)t*^i5S)tfeii: Ltd, ^ y ^ ^ . f u v % r>h7-fe>, ^-^yvfeiut-ttbfe 
ff>mm>ft%f&mtfbtiz. ifeDtfeSHttt, =>r^-^y k > m m- w- » ? v >mm& 

j&s # tf f> ix a „ ft £. i£ ft; HI <h LTI±, ^ u v , ^ y 5 K^«»fr<»*s*tff>ix*. 
v'f^-dr-y-^^^gl^^, 7f ^y/f t^fyfy^^f if r tt h Si ft- (c <*> , 

*^KMi|£j-{c:f£;^-C, \s — if — m 3E , 8 # , 694H, 8 0 3 H , 9 5 8 H ( 1 9 8 0 ¥ 
) ; m 9 & . 8 5 1 ( 1 9 8 l¥) t?li^T^5^3tfeii t'^, i*Ii©K-7 
%&mtLX8imX'2Z>. 50 
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1 0 0 4 9 1 

* , »3ts:*i-*3tJB»i, m 3t 14 K - '< > V ( » * * t * i" ) i * ^ nt^**>e>» 
fig $ 4x 5 „ 

#l3te£,3!li:L.T If 2, 3, 7, 8, 12, 13, 17, 1 8 - t ^ ^xf - 2 

1H, 23H-^^>wyv6&(II)#tf>7iOu:7^y>-#g{fc(USP 6, 303, 

2 3 8 $8 ) , h V x (2-7!=;Hf!)^y) ^ ^n'^Wtl-f ^ AiSft 
(WO 00/70655-§-£r$g) , t* ^ ( 2 - f i=/l- e ^ v^V ) fi^iiifOtS&i 

(WO 00/5 7 6 7 6 ffiS) . t* ^ (2 - (2* cy/fxc/i,) - f U •/ 

■7- h ) W y * A ( T ir ^ T i? h^-h) WcO^<g-iB&^W8l&Jg#g#: (WO 0 1/4 
1 5 1 2 -8- 4* « ) iifiSf If btlS. 
[ 0 0 5 0 ] 

^3t«jti(-*5ft5*^h»fftLttt, m X. If 4 , 4 * - N , N -^*;U/</-;Utf 
7 1=-^* i*©*^^/-^!!* (WO 00/70655-*§"^$8) . h !) * (8-fc 
K n -> Jf- y U y ) 7/K = !)A (USP 6, 303, 2 3 8 -5§- 3§ ) , 2, 2 ' , 2 
" - (1, 3, 5--<>-tf^h!)/u) h II ^ [l-7i=;w-lH-'<yX^;^/-;i/ 
] (Appl. Phys. Lett., 7 8 # , 1 6 2 2 5, 2 0 0 1 ), 
1) If = /P il /U y< y — /U (!)#^200 1- 2 5 7 0 7 6-f-^«) m If h ft Z * 

[ 0 0 5 1 ] 

t5*S^, rH^<75^#^^^*@ff*oig^T-^-&LT*o< # ft * if a* * if p> ft, 5 o 

[ 0 0 5 2 ] 

- ic K- :t* $ tt 5 *s , Btff*i$il!:i3V>-C»ft4)-**s*>o-C't>«to/jrv^. 09 *. If , IE Hill 

* m co ^ ® at m i- o * k - / l fc >? , a» i- , laioitiisf c K-^Ltti^, 

3§3fcJl5GC>BIJ¥0_hP£l±. ii^2 0 0nm, »i L < li 1 0 0 n mffc 0 , T PS 14 il 3t 1 
Onm, $f*L<(i20nm-C*$>5o 
[ 0 0 5 3 ] 

e i ic/Ttifiic©*^i^v^T, m%m s <d ±. \^wt h ft z> 7 \* , ss^jisicm^-sr 

mm7tvxm^^ft^uma. mnE.mM2 ic&m zftzunt 
mm & m & m z> t & *i mx- $> z & . ^ ,t < * ^ a a £- & ? ic « , t± * &s i& o is 

[ 0 0 5 4] 

-yf 7 A to {&tt*|H as* If bh5. 

»^7c7)H*i?liiiS, 112^1X^5. 

teft*B8»^«36»'6>fi8SBtffi7S:«8li-5aW-C» r CD ± K £ f> lc x tt*BB«**i«<*ftt 
6 . 

[ 0 0 5 5 ] 

* fc, ^i7©l)ti5il#Il:L i F, Li 2 0^c7)H^JI (0. l~5nm) £ 1£ It 
5:H, m s f-<D%}m&fa±.£TtZ>m%}t£jj&X3bV. » * (App l . Phy s 

Lett., 7 0 # , 1 5 2 H , 1997^; IEEE Trans. Elec 
tron. Devices, 4 4 # , 1245H, 1997^) „ 

HI 1 tO«fifcco*^--Cf4, E^^iSg4l4^tl2a-ibcOiE?LaA^Hg*3 < tt>*E? ; L^iiil^Bg^ 
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t^5o i^i, <d^ mm^-m^tm^ <D % 3E*6*3t4*tt^»»3c^tt<Drfij±cofc. 

. flitfH2l3j:t;H 3 i:/ft«l-, »«2 tE?L«ISi4fl)Bi:|!|«/<y 7rl3 
i 3 5 i: 7 (DrilclT-i^l 6 81 & 

« * 4> It S * IS . r*to*>«tB»Kffl^*^-IJ:i-Swi:fcprife-cas>5o 
[ 0 0 5 6 ] 

B2j5itfB3l:*t* : fiStt5IIS^y7 7l3li, 2 t I?L1^I 4 ^) n y ^ 

* h«r[Pl±*-e:5fc«>^»:*te>ix5. »ai^y7TJi3JCfflV^bixsa-3p*K:***ix5jfe 
#Htli, W2^^y^ h *5 < - ft * Bt *s fiJc -e # ; (ft ic Ep , g* 

^S(/^7^6^^g^iS^r £ ft if # ^ <b it , Ltli 3 0 0 tEi±, #9 

^SfiaSlTIi l 0 OtHltfc^: £ * & £ S >T >- fb # T > > -* jv as j& 

[ 0 0 5 7 ] 

(»IE 6 3 - 2 9 5 6 9 5 t^8) % ^ ^ F S^f « M 7 ; y ( [|fj 4 - 3 

08688-5§-<£#) . t K7/>ft^« (1^^^4-320483^-^^) . 7 /U 3 ^ 

tttfe^^SJSgv^TSVR** (#^¥4-220995-§-^$8) . p - ( 9 - T l<- h V ;U 

) - n , n ' - y- p- f u^r^y y (^s?3 - 1 i i 4 8 5 f i^i) , ^ y fx - 

U S \? — U V - p- 7xxl/>b^l/> (4$iS¥ : 4-1 4 5 1 9 2-§-£r$g) , tK y 

T — y > ( A p p 1 . Phys. Lett. , 64^. 1 2 4 5 H . 1 9 9 4 f #S) f 

<d m m it & m * . * '< y * • * — # > « (# us ¥ 8 - 3 1 5 7 3-^*^#) t- * a » 

^ It ^ ^ , 27a-SY-9, 1 996^) « ^ £ *L T 5 0 
[ 0 0 5 8 ] 

Sia, M±m <o h <r> x* t «t v> 0 

5, 10, 15, 2 0 — "T 1H, 23H-^/l^^>r> 

5, 10, 15, 2 0-7 F77x^;l/-2 1H, 2 3 H - # /V y 4 > - tK /V :7 ^ > 3 /< 
>\s h (I I ) 

5, 10, 15, 20"7hy7xx/l,-2 1H, 2 3H — */U7-{ y-^/l/7>f y« ( 
II) 

5, 10, 15, 20-^h^y r ^^yU-2 1H, 2 3 H - * ;U 7 ^ y - /K ^ 7 >-S|& 
(II) 

5, 10, 15, 2 0— ^h^^m — /U-2 1H, 2 3 H - 7 ^ y - # /!/ 7 y ^ t 

is V A (IV) tf- * > K 

5, 10, 15, 20-7.f7 ( 4 - fc a y v> A- ) - 21H, 2 3H-/K/U;7.<>'-2 9H 
, 31H-^^n^>T^> 

A (I I) y # u i/T ~ > 

m (I I ) 7 * D > T ~ > 

f ^y7^D^7^yt^r^ K 
-*-4f*is$J*y? a -> T — > 
«& 7 ^ n T ~ > 

« (I I) 4, 4 * , 4 ' ' , 4 ' ' ' -7 h77f-2 9H, 3\H-7#X2*sT — Is 

£ tz ± is w ^ k , iE:pL&A-*£)^tec7}>(g;#^^^ 

1 - 2 5 1 0 6 7 §^S, 1f| 2 0 0 0 - 1 5 9 2 2 1 ^^S^CfSf ) ^ , 

-7 9 Lti^i 1 - 2 8 3 7 5 0 f^«, #Hfl2000-36390-§-<k3«. 

2000-1 50 1 68-^^$g, l$| 2 0 0 1 - 2 2 3 0 8 4 ^^«4n ft if t> 0 



(16) 



JP 2004-26732 A 2004. 1. 29 



[0 0 5 9 ] 

mm'< y y r m 3 t> , m'-& \^ tzTE^m-tkm 4 tmm<D-%mx'mmmf$.~*imx&>z>fc , mm 

Hi/<7 7 7l3(7)R)|W±ili > il S 2 0 0 n m , if $ L < 1 0 0 n mffc 0 , T PB 
lilt 3 nm, #*L<f2l0nm-C-$>5 o 
[0 0 6 0 ] 

£ fc 3§ 3fc Jf 5 ,!: |g @ 7 i: <£> p B l tc ti , W^«#3§7feift^W$g7t^^£ftJi£-t±-5fcs!>, 13 
Jbi:t?«ill6?rait5:ttT-t5. S^«ill6?riSt5M 

U yror^? = ^A|gft, ^-^--thv^T^-^^^fls: (App 1. Phy s. Le t t 
55 m, 1 4 8 9 K , 1 9 8 9 ^11) ll t # !l ^ * # U f /u (P 

MMA) ^OtUlt^iLfctC (App!. Phys. Lett., 61 

2 7 9 3 H, 1 9 9 2 , 7xtV h Q y Vi^fl: (»gi¥ 5 - 3 3 1 4 5 9 §'iS 

) „ 2 — t— y=f-/U— 9, 10-N, N -v ? ->ryTVh7=3ry>v^'l'5^ (Phys 
Stat. Sol. (a), 142 %, 489 H, 1 9 9 4 ) , n M 

* m it W fH K IB ft > V =• V , n S «E ft IE ft . nit l^yftlfe^^ilf ?)il5 0 
[ 0 0 6 1 ] 

tt-?-*m3^e6W^Jf:<^JiPg{i, ii^200nm. #*L<KJ:100nmT-fct>, T PS fi il 
^ 5 n m s &*L<(il0nmT'fc-5„ 

t^n^i 6 mmLfrjE&ifo&m4kffimic\^xmmmtb?>\<^tm&m%tmfd:¥\£S: 

£ <b lc . m& 7 t 3&%m 5 XliST-ilSI 6 <t tf> =• > ? ? Y & [6] _h £ -tt: 5 #> Ci . pSj # O 

£ L T li , *f ii?7 5 yft^tt (fH? 6 - 2 6 7 6 5 8 f&#) , ^r^-^y KVft^ 
#9 (*!fM¥6-3 3 0 0 3 1^-<k$8) , -r7?-t>nm-W- (4#M¥6-3 300 3 2 

# ^ « ) , mm~> v => (M¥ 6 - 3 2 5 8 7 i^iS) , wiy >vcsm 

l¥ 5 - 3 2 5 8 7 2 ^^i) » N - 7 ^ = / -;l/f ft f t 5 ( # M 

8-6 0 1 44-§-£:$g) , N - fc* = ^ # /U- :/ — A- JI # (#M¥8-6 0 1 4 5-5§-<k$g 

[ 0 0 6 2 ] 

-0>J:5ifeB&«#BDJB©llJI»©_hRtt» ISl O 0 nm, fft L<li2nm-?j!)0 > Tl 
liiS2 nm, 9iL< Ii5 nmffc^. 

ic % .±i5»«*t^©****&5om*%et±^tffiH#«:Rtt-TrfcA^. 

3§ 3fe si ^ , HitliiS»©«iS, !P*>> S*i±K:|*«7, ft S 5 , IE ?L I® i£ Jf 4 , &§ 

ftWS«(Df B 1lc*liP^Wt«l^|6)tf ^^^It5r t "JfgffcS. IU m K . H 2 * 
ttlH3lc*LfcWIE#g«lfig;i«®wJilS1-, ffim-t%^th~*imX'hZ 0 II:, Bi4^ 
Lg]3tt:^Lfc#Jg£Jl*Me:t>, BiXliBtti: »*■ i: oiBCffifiroSlrW L t v^T feft 

[ 0 0 6 3 ] 

« Jfi 34* ?> <c 5 * ^f- , Wffitlftffidsx-Y^ h y s/^^^tciag$tnt«5gro^-fixfw*j^ 
<£> € Id & ffl pj fg T- th -5 W T* . M 1 * L M 3 l£ *3 5 jE 7L 4$ iH € Id PS <b T , » ffi - 38 3t 
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[ 0 0 6 4 1 

[ mmm i 

Xte^ll : m^it^fy 1 O ^ 

1) N-T-tr^-vU — N * - 7x^^-1, 4— 7i = uy?7 5 V©*Ji 
N-^^^/U— 1, 4-^^^U->v ? T^>'22. lg (0. 12mol) T H F 4 0 

13 O^SJS^fCo S i£ T , ^^tyCSaS^, * "C & L fc ® J£ l£ £ 
* 5 w i: K J: 9 . fi S * 2 5 . 4g (0. 1 1 m o 1 , 1R m 9 3 % ) & m fc 0 

[ 0 0 6 5 ] 

[ ffc 7 ] 




[ 0 0 6 6 ] 

2) N - T ir ^ - N , N - hf ^ ( 4 - fcf ^ ;n ~ ) — N - 7 ^ ~ As - 1 , 4- 
7x^l/>y7 5: > CD ^ /& 

N — 7 ir f - N* — ^ i n — l , 4— ^zn^U-V^T^^l. 9 2 g (8. 49m 
mol) , 4-3 - Klf7x=;U5. 69g (20. 3mmol) , ®? # L> l> A 4 . 
70g (34. 0 m m o 1 ) , ^ 1 . 08g (17. Ommol) \Cr V "7 ^ U 
sf y ^ ^ Jlf ^ ^ ^ /U ^ ^ ^ /U x 5 m j £ Jp ^ x S * T * 1 6 0 <C 1 O^PflSlSS^fco 
K » T « . 5)5ffi[:THF$:J0^, ^ S «> *: it .L fc 0 *tt5 T H F Sr«£ES 

4rLfc*&, (2/1) S^^ICftf, »bfrfcifc««&*«K.fc9®ifc 

lf; 0 r^it«»S:^^y-/i/-eac#t5wi: t i 5»»fe»*4. 26 g (8. 03 

m m o 1 , ifc * 9 5 % ) ^ # *b 0 
[ 0 0 6 7 ] 
lit 8 ] 




[ 0 0 6 8 ] 

3) N, N ' - tT * ( 4 - \f Z? ^ — ) — N— 7=.~/l>— 1, 4-7x^Uy> ? 7^y(D 
1^ 

N — T ir ^ - N, N - bf * ( 4 - bf 7 ^ ~ /U ) — N ' - 7 :n ~ sU - 1 , 4 — 7 ^ 

^ U >> is T * ^ 4 . 2 S % (8.03mmol),7K^{b^y^A0.69g (12 

mmo 1) XCZf u s< / - ;U 2 5 m L £ *D X. , 8 5 *C T 5 «f IBR* S * fc o SKIlTi, jg 

I$rSES*Lfcf , TKT^gfei^L^^Lfco »&ixfcl#S:^y*y^^ci^h^77-f 

^ t C J; 0JL6feft* 1 . 76g (3. 6 1 m m o 1 , tt*4 5%) *S»e>ttfc 0 
[ 0 0 6 9 ] 
I it 9 ] 
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[ 0 0 7 0 ] 

4) N, N ' - tf * (4-\?77=c~/U) -N- (9-y^i~>^/U) - N ' - 7 =- su - 

1, 4 - 7 ^ ~ Is ^ is T ^ > (W^it&Vd 1 ) ^O^^c 

N , N ' — ^ ( 4 — tf ^ ^ ) -N-7x-/V- 1 , 4— y=.~\s>-\?T^l>'\. 7 

6g (3. 6 1 m m o 1 ) . 9-3 — K7it> 4 3 g (4. 6 9 m m o 

1 ) . £t ^ # U A 0 . 75g (4. 7mmol) > ^0. 23g (3. 6mmol 

) cr h7^f uy^y ^-/^^f yvx-r/Hm i ^Joi:, iiT, 1 8 o t -e 1 o 

B# Pfl R Jfc £ * „ SlS»Ti, &fc%t\Z?x3a*;\s2±$:m?c, * * * it BU L *: . it S£ {c 
**n5?po*/uAtSIEg* Lfc« 4 ;-/M:at\ »fe;h,:/tttRttS:iiiflfc:«fc 

OBiRLfco — /^t?ft}*-rS-fcf-J:9ltfe»*2. 3 9g (3. 

5 9 m m o 1 , 1R*9 9%) & ft h tl tz 0 

[ 0 0 7 1 ] 

[fcl 0] 




[ 0 0 7 2 ] 

^ O » » * 1 . 20gS:#S»»Lti:5, *»fe7^«B*0. 51 g (iR$4 3 
%) # EI JR £ ft „ IUK^coK*^*r5:tTofci:r^, »f 1* 6 6 4 "eJs>o fc r i i> 6 
> tt»»6 7^!RHft*«*ft^* 1 -Cfcir ktilBLfco KSStfeT^flcH^^lH 
-NMRit^f SrTIEC^to * fc, t ^ ^ -1^ ?tSD S C - 2 0 l: ± 0 *ii^*f 
8JStfct:5, Tgttl l 7tt*foofc 0 R ^ tt IK ^ # e H e f€ it <T> tz * fc ft U=S tf # o 

( A C - 1 ) Sr m ^ T SO ^ L <t r 5 , 5. 1 6 e V t fc o fc 0 
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nn&m 
m 3 iz. 

[ 0 0 

is 7 * 
h <r> ( 
v y v 
m& 2 

-fr, ft 

[ 0 0 

ft JC , 
( C 

r <d ( 

C - 1 
C-2 
^ t" 

[ 0 0 

lit 1 



7 3 ] 

s«i±i--Y>'v f '>A-^x®<bife) (i to) mm 

V * 7- V ? ftiM ; If t-A)Sifa ; > - hgfii 

6 ff2 fig L fc o ^^-vi^Lfc I TOSt?:^ T -fe 

7 4 ] 



1 5 Q / 
^ h 7^f 
h > \z X 



i 

s q 
5 « 



i ) ( m m: 



ii^^l^f 1 4 
C-1) K*tLl OSS %<£>TbE 
fc I TOlS±t7f y = - h L „ 
n 3f -tf- y > 
13 [ m g / m 1 ] 
1 . 3 [ m g / m 1 ] 
lUte^: 1500 [rpm] 

mfe&fffl 30 [S>] 
# 100^-1. 5h 

7 5 ] 
1 1 



7 6 0 0; 
( C - 2 ) 



-h =7 7- 

£- TIE (£> 



2 0 n m 
) 

y< * - = 

B 1 S ffi ^ 

m ■? u - 



S. 1 8 3 

T- „ JblE 



«SLfc 

. M tK k 



y 3t — ^ 
<C) 



10 



20 




30 



(C-1) 



[ 0 0 7 6 ] 
[ it 1 2 ] 




(C-2) 



40 



[ 0 0 7 7 ] 

±E©xfy 3 - HCi 0 4 5 nmOgg©^- t ^* t 5 y 7 r 1 3 4 

ft , SS/<5/7 7§ 3 Srit^KLfcSfil Srl^lSgfrtHaiLfc. ± IE B O 
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7X10" 4 Pa) 4y.T(c/jrS*T*f^^S^h7s/7'Sr(i^fcttt£tfe^>'^5rfflV^T^^ 
1 0 0 7 8 ] 

rroilgrt{ci2g$iX7t-fe-7 5 y?J\'yTS\z.m7Fit'frVo\ £ A *t , jv y # (D mm (O ? > *? 
^^t-;?-T-iOSLTlt$rtfofc„ If ^(DXSSli 1 . 3X1 0" 6 To r r ( jft 
1. 7XlO" 4 Pa)T-,^*^S 0. 10~0. 2 8 nm/S > ( W- %1 0 . 2 1nm 
/ S> ) X-mm 4 0 n m CD IE ?L tm S 4 £ /& Bl Lfc„ 

«3tJi5©*t»i:LT» WT<7)«i|S (D-l) iJiO 1 (D-2) |c ^ "T T ^ 5 
= n©8-t Kn^->^y y > It & , A 1 (C 9 H 6 NO) 3 *5 X V A> 7 U V £ W\ &r iZ 
Mm L „ 7/K=i>A08-t.KB^->^; u yg*i:Mt5/Wi'>'©||^ii2. o 
vol. % IC /i 5 ± 5 I- L fc „ r^HfOT/U? — n®8-t Kd#->^; !)>g*©I 
f^rol^Sttl. 2xl0" 6 Torr (ft 1 . 6x 1 0" 4 Pa) , IfltlJO. 
1 5 nm/#T*feofc„ i t/V^ U > ©If If li 0 . 0 0 3 nm/#T-£>ofc 0 ^ CO ct 
9 tC^f^ttfc^^fe® 5 » 81 J* fi 3 0 nmT-foofc, 

[ 0 0 7 9 ] 

Ufc 1 3 ] 
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[ 0 0 8 1 ] 

^^t, t^lil6Ht7/K-nffl8-t FP^f^^/Uv^ft:, Al (C 9 H 
6 NO) 3 , ^Eaitit^iCLTlf l^I^'ffofc, rcotfifCD, 7^5 = 9A© 
8 - t Kn^->^/ y y^*I*^»XS«li 1 . 0xl0" 6 Torr (111. 3x1 
0" 4 Pa) , mmmm&O . 2 nm/fpX* . It$llfc«5tl0lf H:3 0 nm-C-fco 

fco *j , ±!EOiEaifiiiiS4s.^^5te5, mmm e zn&mm-f z 

& & u ic & ft L fc 0 

[ 0 0 8 2 ] 

r r r- , «^«jiHS6*T-co^*^tfofc^^^-SSfjlEK^I*iSgrt«t >? A St <p id i& 

, it2© I TO^ HT'fT'ittBSEtSiiOf C*tS*T, JS'Jc7>X£jSg*g«ft 

IC^ILT, *Ili:iil;LtgIrt(Dl$Ii»;2 x 1 0" 6 To r r ( 2 . 7x1 

0 " 4 Pa) WTi:45$t'»flLfc 0 
[ 0 0 8 3 ] 
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IS7HT, % -f , 7 y it V ^ •> A (LiF) P/^yl - FJffl^t, 

0. 02 nm/$KK£S7. 0xl0" 6 Torr ( jfo 9 . 3x10"" Pa) T? , 

0. 5 n mnmrn-x-m^f-^mmm 6 (d ± \c f& m l tz <, nk\c x T^^=-^Jx^mm.iz^vy 

y^^JJ-C-hJCi^iD^L-C, ISifff O . 5 n m / ifeK I5f 1 x 1 0" 5 To r r (ft 

1. 3 x 1 0" 3 Pa) flf 8 0nm©7/Kini5rif^Ltii7^^^Jtfc 



&L-tV>m^ L T , 2 m m x 2mm W^XW^ftSa^^^Ttl-S^^m^Sgfti^T)* 
#^>ttfco - * * co 3§ % £• * 4 ic , M W) m-fr £ * 5 \z m f . « 4 1c is t> T , 
S 14 2 5 0 m A / c m 2 ©tS^If©f , 3§ ft 3b 3M4 1 0 0 c d/m 2 T-cOffi. * 
/*J!tt»4»flE-*flE?&fl[i»tt©«#«r. « EE »4 1 0 0 c d/m 2 T* W ft £r * ^ 1" „ * 
5 Ki8V>T , Sl»#tt«]M9S 3 0 0 c d/m 2 . 8 5 X: m M X- <d m & * ft m & -t 

o 

[ 0 0 8 5 ] 

tt K ft ft 5 ^ t)M# h ix fc d i: *s m h ** T- fo 5 „ 

[ 0 0 8 6 ] 
Jfctfc#J 1 

IE7L^i^S4W*tiN-<!: Lt, i^ftti 1 ©ftfc 0 CWO 9 5/0 9 1 4 7 {£ IE *c <£> T IE 
{t m ( A - 3 ) 

[ 0 0 8 7 ] 

[ ft 1 5 ] 



[ 0 0 8 8 ] 

^ffl^fcl ttt^li^ Htefij3 tl^«CLttIt#I*if^ff^Lfc„ L\<Dm=f-(D% 
ft 4# t£ £ * 4 tc, ig»*^Sr*5(c^-r o 

te-g-^ (a-3) ti, iii(fiW2-cffli^*Bflf!i*{b-&«>iieffrais»T-*Sr*r-rsssfit 
<k -a- « t- fo s A? . « 4 jo ct v & 5 t)> e> w e> * j: 5 ic , *mmm\zmzik&y!)& m\<^ftjj 
t)s n e> 7)mc m ti tz m i- # m % n 5 . 

[ 0 0 8 9 ] 
[* 5 ] 
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* 4 





[cd/m 2 ] 
@250 mA/cm 2 


Pm/W] 
@100cd/cm 2 


m& / mm 

led /A] 
@100cd/cm 2 


ma 

M 

@100cd/cm 2 


mmm* 


11700 


3.3 


5.5 


5.3 


assail 


10730 


2.8 


5.2 


5.8 



[ 0 0 9 0 ] 
[ * 6 ] 
^5 





[h]@85 0 C 




780 




380 



[ 0 0 9 1 ] 

[ g§ m <o & * ] 

*t ffc 1 , 4-7^=U>^T$>-K^£M s S^£;jx-5o 

a c: i t- # 5 „ 

[ 0 0 9 2 ] 

fi§oT, ^SBlCiStitff***^ «7 7y h/^/l' ■ f -f ^^l/>f ( #J *l tf O A :=> 

, « ^ ai © 3t asu »cffi7 f -r;*:/U'-f j $»fi-«jg©>'<5'*7>f h * « ) , * * « , ^ i& ;tr — <d 

[ 111 S (75 ffi * Ift W ) 

[0 2 ] *»WOW*«ff»3t*^©IIK©»ll8©SiJ©«Sr*Ufc**:WfEH-C*>5. 
[ W R 93 1 

1 mm 

2 Bifii 

3 m&'< -y 7 r m 

4 jEJL*gji£g 

5 
6 

7 
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